I examined biased patterns of habituation that occur when reproductive male three-spined stickleback, Gasterosteus aculeatus, respond to a choice of two dummy females, one displaying the head-up posture of a sexually receptive female and an otherwise identical dummy lacking this sign stimulus (i.e. a dummy in a 'neutral' horizontal posture). Males initially courted both dummies about equally, but within 5 min, their courtship to the horizontal dummy began to habituate and was eventually replaced by attack behaviour, which increased about four-fold during the 1-h trial. Courtship to the head-up dummy continued unabated throughout the trial and by 5 min exceeded courtship to the horizontal dummy. Attack to the head-up dummy increased slightly in the first half of the trial then leveled off to about one-third that directed to the horizontal dummy. Both dummies were stationary and unreactive so could not directly provide differential feedback to the males. It is speculated that the self-arousal males obtain when responding to head-up posture reinforces their response to that cue. The salience of this sign stimulus may develop through an interactive process wherein the male's predisposition to recognize and court the head-up posture and the sexual self-arousal he obtains by doing so counter habituation and help maintain his sexual response to that cue. The stimulus-response specificity of male courtship is assumed to have an innate basis but requires experience to become fully differentiated. The results also illustrate that rate or extent of habituation to different stimuli, even on the same dimension, can differ within the same individual and in an adaptive manner.
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Habituation is a primitive kind of learning characterized by a progressive decrease in the natural response of an animal to an unreinforced stimulus presented repeatedly or continuously; it is usually distinguished from fatigue or sensory adaptation by its stimulus specificity and relative persistence (Humphrey 1933; Thorpe 1963; Hinde 1970; Peeke & Petrinovich 1984) . Habituation is a pervasive phenomenon that occurs in virtually all animal taxa, and the attention of ethologists is often drawn to the process as they try to minimize its effects when comparing the relative effectiveness of stimuli. Ethologists have therefore refrained from presenting related stimuli to the same individual too long or too often, fearing their subjects will habituate and become unresponsive to further testing with those stimuli (e.g. Rowland & Sevenster 1985) .
Habituation, however, deserves more attention than it has received, not only for its own sake (Peeke & Petrinovich 1984) , but for the way in which it pervades other behaviour (Burghardt 1973) . For example, investigation of visual cues mediating mating behaviour of male three-spined stickleback, Gasterosteus aculeatus (e.g. Rowland & Sevenser 1985; Bakker & Rowland 1995) suggests that habituation may be important for establishing stimulus-response specificity in reaction to sign stimuli in a way previously unappreciated. That is, the experience animals gain after even brief exposure to a sign stimulus may promote their continued response to, and preference for, that stimulus. In a subsequent pilot study I found that male stickleback would court a stationary dummy simulating a female with a highly distended belly or a receptive (head-up) posture for an hour or more but directed increasingly less courtship and more aggression to a less distended or horizontal dummy presented simultaneously. This suggested that habituation might operate differentially on such features and thereby contribute to the male's ability to discriminate and preferentially court the head-up posture, a cue long considered to be a sign stimulus (Tinbergen 1951) .
I undertook the present study to investigate how such predisposition to respond or habituate to certain stimulus configurations may lead an animal to discriminate among and prefer certain features of a sign stimulus. The results suggest that habituation helps establish the stimulus-response specificity assumed to be an innate property of many behaviour patterns. The interaction between predispositions to respond to some stimuli and habituate to others may have validity for the development of behaviour in species other than sticklebacks, and be of more general importance than previously recognized.
MATERIALS AND METHODS

Subjects
Adults from a marine population of three-spined stickleback were seined from salt marsh pools (30-32 ppt salinity) on eastern Long Island, New York, shortly after their arrival in March. The majority of males showed a trace of greenish blue coloration on the iris and red on the inside corners of their mouth, and females showed slight distention of the abdomen, indicating that both sexes were just beginning to attain reproductive condition.
The fish were transported to the laboratory in insulated chests of chilled sea water (6 1 C) and later acclimated to the simulated spring conditions of the laboratory (16:8 h light:dark cycle and 18 C). Males were then placed into individual territory tanks (60 50 cm and 20 cm high), where they were held throughout the study period. Each territory tank contained brackish water (15-20 g/ litre salinity), a sand-filled nesting dish (11 11 4 cm), and tufts of filamentous marine algae (Urospora spp.) scattered over the bottom to provide nesting material and cover. Opaque screens were placed between each tank to visually isolate males from their neighbours. All fish were fed frozen adult Artemia daily throughout the study period.
Within 1-3 days after introduction into the territory tanks all males developed full nuptial coloration (blue irises and red undersides) and built a nest in the nesting dish. Each male was tested once it had completed its nest, as indicated by the presence of a completed tunnel through the nest (van Iersel 1953) . A total of 20 males were tested, for 1 h each, in their own territory tank.
Dummies
I presented male subjects with a choice of two dummies (Fig. 1) . Each dummy consisted of a highly detailed epoxy casting moulded from the same preserved specimen of a gravid female (standard length=47 mm; total length= 53 mm) from which all fins except the caudal fin were removed to facilitate the moulding process (Rowland 1979) . The castings were painted shiny silver (Plasti-kote CC 3729 lacquer) except for the caudal fin, so that when the dummies were submerged, the pale amber colour of the unpainted epoxy made the caudal fin appear very realistic to the human observer. Black pupils were drawn in with waterproof markers to simulate eyes. The two dummies were therefore identical except for the posture into which each was moulded.
The head-up dummy was moulded with the back bent slightly concave and the tail lifted upwards (Fig. 1a) . A thin green wire was inserted obliquely into its back so that it hung at a 45 head-up angle. When this dummy was suspended into the subject's tank its profile and posture closely simulated that of a courting female stickleback. The horizontal dummy was moulded so that the long axis of the body was straight (Fig. 1b) . A thin green wire was inserted vertically into the back of this dummy so that it hung horizontally in the subject's tank, simulating the posture of a gravid female swimming normally in the water column
Testing Procedure
Both dummies were introduced simultaneously into each subject's tank by placing them on a rack that rested on the top edge of the tank. The dummies were suspended 22 cm apart from each other and 5 cm from the bottom, each dummy 45 cm from and facing the subject's nest. The side on which a given dummy was presented was alternated from subject to subject to control for possible side biases on the part of the males.
Once a subject approached a dummy the trial began and continued for 1 h. The entire trial for each subject was recorded with a video camera positioned 1 m in front of the tank. All trials were conducted in the absence of observers, to minimize disturbance to the subjects. Videotape recordings of the individual trials were later observed in real time while the observer scored the responses that a given subject directed to each dummy. 
Statistical Analysis
I conducted all statistical tests using the statistical program SigmaStat (version 2.03). Standard parametric tests were applied to the untransformed frequency data unless these data violated the assumptions of normality. In such cases, I applied a corresponding nonparametric test or transformed the data and then subjected them to a parametric procedure, as described below. All probabilities given are two tailed.
RESULTS
Males varied in the intensity of their responses to the dummies, but overall their behaviour was initially dominated by zigzagging, a courtship activity (van Iersel 1953) . When the dummies were placed into the tank, the males, after brief hesitation, suddenly approached them and began to direct to one or both dummies a quick series of zigzags and occasional biting, an aggressive activity (van Iersel 1953) . Most males (14 of 20) were seen creeping through their nest during dummy presentation and 12 of these did so within the first 4 min of the trial. This activity marks the male's entry into the courtship phase (van Iersel 1953; Wilz 1972) . It is possible that other males crept through their nest during dummy presentation but this activity could not always be verified because nest orientation or vegetation obscured the view of some subject's nests from the video camera.
Because trials from two different males were recorded on each standard (2 h long) videotape, slight variations in the length of videotapes and the recording procedure led to abbreviated recording of the final 4-min time block for several subjects. Thus, only the first 14 4-min time blocks (56 min) of each subject were plotted and analysed in this study.
Overall, males in this study were remarkably persistent in courting the dummies throughout the trial (Fig. 2) . A Friedman ANOVA revealed no effect of time on the frequency of zigzags ( 2 13 =8.28, N=20, P=0.891), and males averaged about 35 zigzags per 4-min block. There was, however, a highly significant effect of time on overall bite frequency ( 2 13 =71.75, N=20, P<0.001), as males bit the dummies increasingly more often during the first 24 min of the trial. Bites were relatively infrequent early on in the trial but by 20 min they had exceeded the frequency of zigzags.
To determine how males divided their responses to each of the two postures, I subjected the frequency data to a repeated measures ANOVA followed by a pairwise multiple comparisons procedure (Tukey test). The zigzag frequency towards each of the two postures (Fig. 3a) did not differ within the first 4 min of presentation (P=0.239) but then diverged and differed (P<0.005) in all subsequent time blocks. When I transformed zigzag frequency to ranks and subjected these to a repeated measures ANOVA (Conover & Iman 1981) , I obtained the same results. These results reveal that males increased zigzag frequency to the head-up dummy until the second 4-min block, then maintained or slightly increased that level while directing increasingly fewer zigzags to the horizontal dummy (posture effect: F 1, 19 =65.55, P<0.001 time effect: F 13, 247 =1.08, P=0.38). There was also a significant posture time interaction (F 13, 247 =3.29, P<0.001), reflecting a decrease in zigzagging rate to the horizontal dummy but a relatively constant zigzagging rate to the head-up dummy. biting rates to each dummy did not differ in the first 4 min (Tukey test: P=0.371). However, bite frequency to each dummy increased thereafter (repeated measures ANOVA on rank-transformed frequencies for time effect: F 13, 247 =10.39, P<0.001). Biting appeared to increase more rapidly to the horizontal dummy than to the head-up dummy, such that bites towards the horizontal dummy were more frequent overall than those towards the head-up dummy (posture effect: F 1, 19 =8.43, P=0.009), especially later on in the trial.
DISCUSSION
The present study demonstrates that the head-up posture assumed by a courting female stickleback is a stronger sexual stimulus than is a horizontal posture. This supports the contention of ethologists (ter Pelkwijk & Tinbergen 1937; Tinbergen 1948 ) that the head-up posture is a sign stimulus for sexual response in males. But the results also suggest that the response of male stickleback to this sign stimulus is strongly affected by experience. Even though in the present study the males' behaviour to the two postures was initially similar, males came to respond differently to each posture when exposed to them. This process also occurs with the male stickleback's response to female shape cues (Jenkins & Rowland, in press) ; that is, given a choice between a dummy simulating a normally gravid female and one simulating a much fatter female, males initially respond similarly to the two dummies. Soon after, they begin to habituate to the less gravid dummy but will continue to court the fatter one for an hour or more.
Development of Response Specificity
The dummies in the present study 'behaved' identically so could not provide differential external feedback to the male. Thus, the different responses males developed to each posture probably resulted from an interaction between two components: a recognition mechanism for posture that was already functional before males were exposed to the dummies, and an experiential process that occurred while males were responding to this posture cue. I suggest that males are predisposed to perceive the head-up posture as a stronger sexual stimulus than the horizontal posture, and that this predisposition leads to differential habituation by which males come to respond differently to them.
While re-examining Lorenz's (1939) and Tinbergen's (1948) experiment on the response of ducklings to a goose/hawk silhouette flown overhead, Canty & Gould (1995) confirmed that ducklings come to fear the hawk configuration (short neck and long tail) more than the goose configuration (long neck and short tail) as a result of habituation. But Canty & Gould also found that ducklings are predisposed to habituate to the goose pattern faster than to the hawk even before the ducklings have had the opportunity to encounter geese more often than they encounter hawks, as would be the case in nature. The present results and those of Jenkins & Rowland (in press) and Canty & Gould (1995) demonstrate how 'innate' predispositions and experience can interact to produce stimulus-response specificity in reaction to a sign stimulus. Thus, an animal's long-term response to stimuli may be at least as meaningful as its initial response when one is attempting to evaluate the effectiveness of those stimuli.
Persistence of Response Specificity
Why do male stickleback court the head-up dummy so persistently? It is known that the performance of an activity typically leads to its decrease over the longer term, but over the short term the tendency to perform that activity may increase. For example, when an animal eats (LeMagnen 1985; McFarland 1989) or drinks (Rolls & Rolls 1982) , that behaviour initially intensifies, even though the intake of food or water has a satiating effect on hunger or thirst. For eating, this intensification is enhanced when the palatability of the food is increased (McFarland & McFarland 1968; McFarland 1970; LeMagnen 1985) , an effect which the present study suggests may occur for courtship behaviour when the strength of the sexual stimulus is increased. Hence, the strong sexual stimulation from the head-up dummy would provide positive feedback to males as they approach and court it. The effect of this stationary dummy, a seemingly constant stimulus, may therefore induce in males a process of self-stimulation that further arouses them sexually and focuses their courtship, appropriately, onto the head-up dummy. This focus might even be enhanced by a 'contrast effect' (e.g. Lipsitt & Kaye 1965) such that presenting two different dummies together exaggerates (polarizes) differences in response that a subject would direct to them if each dummy were presented separately.
Function of Response Specificity and Persistence
The posture-specific response of male stickleback seems well adapted to coping with the conflicting signals they face during courtship. By initially dividing courtship among two or more females a male can assess the sexual receptivity of each. A female that adopts a head-up posture is receptive and warrants continued courtship but an unreceptive female could disrupt mating between the male and the receptive female and even devour their spawn. Sexual and aggressive behaviours in stickleback (Sevenster 1961; Wilz 1972; Rowland 1994 ) and other animals (Baerends 1975 ) are often mutually inhibitory. Sexually habituating to the horizontal female enables the male to focus attack on her and drive her from the territory, increasing his chance for uninterrupted courtship and mating with the receptive female. Differential habituation would therefore enable territorial males to divide attention between conflicting stimuli and respond to each in a different but functionally appropriate manner. Moreover, McFarland (1989) points out that the positive feedback that results from performing an activity helps prevent an animal from 'dithering' between two competing activities that might otherwise quickly alternate as, first one, and then the other activity satiates enough to lose its dominance over the other. Peeke & Figler (1997) recently reported that courtship of male three-spined stickleback from a freshwater population in north-central California, unlike Long Island fish in the present study, began to habituate within 5 min of presentation of a dummy simulating a head-up gravid female. Although methodological differences between Peeke & Figler's study and the present one preclude close comparison, the results of these two studies suggest that three-spined stickleback populations may differ substantially in rate or extent of habituation, as recently shown for other kinds of learning in this species (Huntingford & Wright 1992; Mackney & Hughes 1995; Girvin & Braithwaite 1998) . It would be interesting to determine whether or not California males presented with a head-up and a horizontal dummy together, as in the present study, would differ similarly in habituation rate.
Comparison with Previous Findings
The effect of experience on the male's response to female posture could account for why, in an earlier study, males courted a head-up dummy less than a horizontal one (Rowland & Sevenster 1985) . In that study we exposed males to dummies of various postures before testing them with the head-up versus the horizontal female dummy, not realizing that their response to posture would be so modified by experience. The inconsistency that Bakker & Rowland (1995) observed in males responding to head-up versus horizontal dummy females may have arisen similarly through experience. In that study, males were maintained in courtship phase by exposing them twice daily to live females and this probably provided a variety of experience to the males. In the present study, subjects did not see the dummies before testing nor were they exposed to real fish with which they could interact. In this way, I could monitor the effect of experience on male response to postural cues. I had no control of the subjects' exposure to these stimuli before they arrived in the laboratory but, to the extent that fish were collected before attaining full reproduction condition, I assumed the potential for such experience to be minimal. The present study reveals, however, that the response of stickleback to sign stimuli is affected in part by their exposure to those stimuli in the laboratory setting. It seems reasonable to assume that such experience will have a similar effect in nature.
